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Claims 

A method of making integrated circuits, comprising: 

forming a first mask layer having one or more openings or trenches, with 

each opening exposing ; a portion of one or more transistor contact 

regions; 

forming a first conductive stricture on the first mask layer, with the first 

conductive structure having one or more portions contacting at least 
one of the exposed tr msistors contact regions; 

having one or more openings or trenches, with 
each opening exposiiig a portion of the first conductive structure; 
forming a second conductive structure on the second mask layer, with one or 
more portions of the second conductive structure contacting at least 
one of the exposed portions of the first conductive structure; 
removing in a single procedure at least respective portions of the first and 
second mask structures after forming the second conductive 
structure; 

forming in a single proceflure a diffusion barrier on at least respective 

portions of the first and second conductive structures after removing 
at least the respeqtive portions of the first and second mask 
structures; and 

forming in a single procfedure an insulator on and between the first and 
second conductive structures after forming the diffiision barrier. 



0 



The method of claim 1 

wherein forming the first and second mask layers comprises depositing 
photoresist; anc 

wherein forming the first and second conductive structures comprises filling 
one or more off the openings or trenches with a copper-, silver-, or 
gold-based rqaterial. 
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The method of claim 1 : 
wherein removing the first aiid second mask layers comprises ashing the first 

and second mask lay ;rs; 
wherein forming the insulatdr on and between the first and second 

conductive structure i comprises spin-coating the first and second 
conductive structures with an aerogel or xerogel. 

A method of making integrated circuits, comprising: 
a step for forming a first mask layer having one or more openings or 
trenches, with each opening exposing a portion of one or more 
transistor contact regions; 
a step'^r forming a first conductive structure on the first mask layer, with 
tnbsfirst conductive structure having one or more portions contacting 
at le^one of the exposed transistors contact regions; 
a step for forminja a second mask layer having one or more openings or 

trenches, win^^each opening exposing a portion of the first conductive 
structure; 

a step for forming a second^s;onductive structure on the second mask layer, 
with one or more portioh^ 9tthe second conductive structure 
contacting at least one o|^tif!^xposed portions of the first conductive 
structure; 

a step for removing concurrently at least r^ective portions of the first and 
second mask structures after forming tft^ second conductive 
structure; 

a step for forming a diffiision barrier on at least respeSth^e portions of the 
first and second conductive structures after remo Aig at least the 
respective portions of the first and second mask structtires; and 

a step for forming an insulator on and between the first and secoM 
conductive structures after forming the diffusion barrier. 
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5 . A method comprising: 
fomiing a conductive structure; 

forming a diffusion-barrier lining around the conductive structure after^ 

/ 

forming the conductive structure; and 

/' 

5 forming an insulative structure around the conductive structure ^after forming 

the diffusion-barrier Hning. 

6. The method of claim 5, wherein forming the conductjx4 structures comprises 
applying a copper-, silver-, or gold-based material. 

10 

7. The method of claim 5, wherein forming tti^xonductive structure comprises: 
ionized sputtering or DC magnetron sputtering of a copper-based material 

onto at least a portion of the diffusion barrier; and 



electroplating a copper-based material onto the sputtered copper-based 
15 material. 




8. The method of claim 5, wherein forming the insulative structure comprises 



spin-coating an aerogel or xerogel. 

/ 



20 9. The method of claim 5, wherein forming the diffusion-barrier lining 

comprises forming a graded composition of WSi^, where x varies from 2.0 to 2.5. 

/ 

10. The method of claim 5, wherein forming the diffusion-bamer lining 

/ 

composes: / 

25 forming a graded composition of WSi^, where x varies from 2.0 to 2.5; and 

nitriding the graded composition of WSi^. 



11. / The method of claim 5 wherein nitriding the graded composition of WSi^ 
comprises exciting a plasma with argon gas. 
30 I 
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12. The method of claim 5, wherein foraiing'the diffusion-barrier lining 
comprises: y 

introducing tungsten hexaflouride and hydrogen gases into a wafer 

processing chambep^ a predetermined amount of time; 
introducing silane g^mo the chamber a first predetermined time after 

introducing^e tungsten hexaflouride gas; and 
terminating intepauction of the silane gas a second predetermined time 
befopp terminating introduction of the tungsten hexaflouride and 
hyjarogen gases into the chamber. 

13. The method of claim 5, wherein the first and second times are in the range of 
about one to about three seconds. 



A method comprising: 
1 5 a'StepJorfoiming a conductiv^-^stmcture; 

a step for forming aaiII55Tmi4^^ around the conductive structure 

after forming the conductive struct^eTand..,.,^,^^ 
a step for forming an insulative sxfucture around the conductiV^-^taiCture 

after forming the diffiision-barrier lining. 

20 

15. A method compri^ng: 

forming a first masloyin an integrated-circuit assembly; 
forming a first conductor on the first mask; 
forming a second m^ on the first conductor; 
25 forming a second conductor on the second mask; and 

removing at least respective portions of the first and second masks in a 
single material-removal^rocedure. 
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16. The metHAd of claim 15, wherein removing at least respective portions of the 
first and second mask in the single material-removal procedure comprises removing 
substantially all of the first and second masks. 

5 17. The method of claim 15, wherein removing at least respective portions of the 
first and second masks comprises ashing the first and second masks. 



18. The method of claiki 15, wherein forming the first mask and forming the 
second mask each comprise\app lying a photoresist to a surface in the integrated 
10 circuit assembly using spincoating. 



15 
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19. The method of claim 15,\ wherein forming the first conductor or forming the 
second conductor comprises applying a copper-, silver-, or gold-based material to a 
surface in the integrated-circuit assembly. 

20. The method of claim 15, wherein forming the first conductor comprises: 
ionized sputtering or DC magnetron sputtering of a copper-based material 

onto at least a portion of the diffiision barrier; and 
electroplating copper-based matertjal onto the sputtered copper-based 
material. 



25 



A method comprising: 

a stepTJjr^emung a first mask in mirrtegrated-circuit assembly; 
a step for forming a firsTSDndu^f^on the first mask; 
a step for forming a second mask on YheTi^t-eojiductor; 
a step for forming a second conductor on the second masl 
a step for removing respective portions of at least the first and second masE 
in a single material-removal procedure. 
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forming a first wiring level in an integrated circuit assembly; 

forming a second wiring level in the integrated circuit assembly, the second 
wiring 1 ;vel electrically coupled to the first wiring level; and 

forming a diffuj ion barrier around at least a portion of the first wiring level 
and at k ast a portion of the second wiring level in a single barrier- 
formation procedure. 



23. The method of c 
the second wiring level 
10 to a surface in the in 
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tegiated 



24. The method of c 
first substantially planai 



aim 22, wherein forming the first wiring level or forming 
comprises applying a copper-, silver-, or gold-based material 
circuit assembly. 



aim 22, wherein the first wiring layer includes one or more 
portions and the second wiring layer includes one or more 
second substantially pl^ar portions which are substantially parallel to the first 
substantially planar por ions. 



25. 



The method of claim 22, wherein forming the first wiring layer comprises: 
ionized sputteri ig or DC magnetron sputtering of a copper-based material 
onto at least a portion of the diffusion barrier; and 

copper-based material onto the sputtered copper-based 



electroplating 
materia 



26. The method o 



claim 22, wherein forming the diffusion-barrier lining 



compnses: 

introducing tuAgsten hexaflouride and hydrogen gases into a wafer 
proces! ing chamber for a predetermined amount of time; 

introducing si ane gas into the chamber a first predetermined time after 
introducing the tungsten hexaflouride gas; and 
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terminating imtroduction of the silane gas a second predetermined time 
beforeUerminating introduction of the tungsten hexaflouride and 
hydroaen gases into the chamber. 



5 27. 
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A method comprising: 

forming a first viring level in an integrated circuit assembly; 
forming a secoi d wiring level in the integrated circuit assembly; and 
forming a diffus ion barrier around at least a portion of the first wiring level 
and at least a portion of the second wiring level in a single barrier- 
formation procedure. 

The method of claim 27, further comprising: 

forming a third \ aring level in the integrated-circuit assembly after forming 
the secon 1 wiring level, wherein forming the diffusion barrier in the 
single barrier- formation procedure forms at least a portion of the 
includes i isulative structure occurs after forming the first, second, 
and third wiring levels. 



! 



A method comprising: 

Step for forming a first wiring level in an integrated circuit assembly; 
a step forlbrmirig a second wirin^evel in the integrated circuit assembly; 
and 

a step for forming a diffusion^arrl^"«cQimd at least a portion of the first 
wiring level and at least a portion of the"Se6QQd^wiring level in a 
single barrier- formation procedure. 



rising: 



A method comprisir 

forming a first wirif^level in an integrated-circuit assembly; 
forming a second ^rjkg^^evel in the integrated-circuit assembly; and 
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forming an insulative structure having at least a portion between the first and 
second wiring levels after forming the second wiring level. 
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The metm)d of claim 30, fiirther comprising: 

forming\a^rd wiring level in the integrated-circuit assembly after forming 
tK6 second wiring level, wherein forming the insulative structure 
occurs after forming the first, second, and third wiring levels. 



s arte 



A memod comprising: 

formirk a first structure having one or more trenches or openings; 
forming a conductive structure in at least one of the trenches or openings; 
removing substantially all of the first structure to define a space around the 

conductive structure; 
applying a diffusion-barrier material to at least a portion of the conductive 

jtructure after removing substantially all of the first structure; 
forming an insulative structure on at least a portion of the diffusion-barrier 
naterial applied to the conductive structure. 



A method comprising: 

forming a non-conductive structure having one or more trenches or 
openings; 

forming a conductive structure in at least one of the trenches or openings; 
removir g substantially all of the non-conductive structure to define a space 

i round the conductive structure; 
applyim; a diffusion-barrier material to at least a portion of the conductive 

structure after removing substantially all of the non-conductive 

i tructure; 

forming an insulative structure on at least a portion of the diffusion-barrier 
I laterial applied to the conductive structure. 
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34. The method 
siirface of the 



of claim 33, wherein the diffusion-barrier material contacts a 
< onductive structure. 
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35. A method of making integrated circuits, comprising: 
providi] ig a layer including one or more transistors, with each transistor 

laving one or more transistor contact regions; 
formingla first mask layer having one or more openings, with each opening 
exposing at least a portion of at least one of the transistor contact 
regions; 

forming al first conductive structure over the first mask layer and contacting 

onfc or more of the transistor contact regions; 
forming a |econd mask layer having one or more openings, with each 

opting exposing at least a portion of the first conductive structure; 
forming a sscond conductive structure over the second mask layer, with the 
sec( nd conductive structure contacting one or more exposed portions 
of the first conductive structure; 
removing substantially all of the first and second mask structures after 

fomiing the second conductive structure; 
forming a d ffusion barrier on least the first and second conductive structures 
after rpn^oving substantially all of the first and second mask 
struc mres; J 

forming an nsulative material between at least a portion of the first 

conductive structure and at least a portion of the second conductive 
structure after removing substantially all of the first and second mask 
structures. 

36. A method of makin^^ integrated memory circuit, comprising: 
forming a first ^aiask layer having one or more openings or trenches, with 

ea^J^pening exposing a portion of one or more transistor contact 
regions; 
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forming a first gold-based conductive structure on the first mask layer, with 
the first gold-based conductive structure having one or more portions 
contacting at least one of the exposed transistors contact regions; 

forming a second mask layer having one or more openings or trenches, witK 
each opening exposing a portion of the first conductive structure/ 

forming a second gold-based conductive structure on the second mas^^layer, 
with one or more portions of the second gold-based conducxive 
structure contacting at least one of the exposed portion§/of the first 
gold-based conductive structure; 

removing in a single procedure at least respective portion/of the first and 
second mask structures after forming the second gold-based 
conductive structure; / 

forming in a single procedure a diffusion barrie^on at least respective 

portions of the first and second gold-based conductive structures after 



removing at least the respective portions of the first and second mask 
structures; and ^ 
forming in a single procedure an insulator on and between the first and 

second gold-based conductive structures after forming the diffiision 
barrier. 




The method of claim 36: 

wherein forming the first and second mask layers comprises depositing 
photoresist; / 

wherein removing the/^rst and second mask layers comprises ashing the first 
25 and secondrnask layers; and 

wherein forming^the insulator on and between the first and second 



conductive structures comprises spin-coating the first and second 

gold^^ased conductive structures with an aerogel or xerogel. 

/ 
/ 

30 38. A mettrod of making an integrated memory circuit, composing: 
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forming a first mask layer having one or more openings or trenches, with 
each opening exposing a portion of one or more transistor conta5; 

regions; 

y 

forming a first silver-based conductive structure on the first mask layer, with 
the first silver-based conductive structure having one or. more 
portions contacting at least one of the exposed transistors contact 
regions; / 

forming a second mask layer having one or more openings or trenches, with 
each opening exposing a portion of the first conductive structure; 

forming a second silver-based conductive structure on the second mask 
layer, with one or more portions of the^s^ond silver-based 
conductive structure contacting at least one of the exposed portions 
of the first silver-based conductive/structure; 

removing in a single procedure at least respective portions of the first and 

/ 

second mask structures after forming the second silver-based 
conductive structure; 

forming in a single procedure a diffusion barrier on at least respective 

/ 

portions of the first and^second silver-based conductive structures 

/ 

after removing at least the respective portions of the first and second 

mask structures; and 

/ 

forming in a single procedure an insulator on and between the first and 

second silver-based conductive structures after forming the diffusion 
barrier. 




The method o^elaim 38: 

wherein forming the first and second mask layers comprises depositing 

photoresist; 

/ 

wherein removing the first and second mask layers comprises ashing the first 
yand second mask layers; and 

y 
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wherein forming the insulator on and between the first and second 

conductive structures comprises spin-coating the first and secoj^d 
silver-based conductive structures with an aerogel or xeroge/ 

5 40. A method of making an integrated memory circuit, comprising 

forming a first mask layer having one or more openings or trenches, with 
each opening exposing a portion of one or more ^nsistor contact 
regions; 

forming a first copper-based conductive structure ori^the first mask layer, 
10 with the first copper-based conductive stmcture having one or more 

portions contacting at least one of the ^xposed transistors contact 
regions; 

forming a second mask layer having ono^r more openings or trenches, with 
each opening exposing a portion of the first conductive structure; 
1 5 forming a second copper-based conductive structure on the second mask 

layer, with one or more portions of the second copper-based 
conductive structure contacting at least one of the exposed portions 

of the first copper-based conductive structure; 

/ 

removing in a single procedure at least respective portions of the first and 

/ 

20 second mask structures after forming the second copper-based 

conductive structure; 
fonning in a single /ocedure a diflUsion barrier on a. ,eas. respective 

portions of the first and second copper-based conductive structures 
after removing at least the respective portions of the first and second 
25 mask^structures; and 

forming ima single procedure an insulator on and between the first and 



second copper-based conductive structures after forming the 
niiffiision barrier. 
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4 1 . The method of claim 40: 

wherein foraiing the first and second mask layers comprises depositing 
photoresist; 

wherein removing the first an^econd mask layers comprises ashing the first 

and second mask l^ers; and 
wherein forming th^^ulator on and between the first and second 

conductiv^tructures comprises spin-coating the first and second 
coppcB^ased conductive structures with an aerogel or xerogel. 



10 42. 
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An inte^ated-memory-circuit assembly comprising 
a surface Baving one or more transistor regions; 

a first copper\silver-, or gold-based wiring level having one or more first 
portions i^^upled to one or more of the transistors, the one or more 
first portion^sMving a first diffusion-barrier lining and defining a 
^ substantially h^zontal first plane, with the first plane and the 

surface defining a^st open region; and 
at least a second copper-, silw-, or gold-based wiring level having one or 
more second portions elebifrically coupled and attached to the first 
gold-based wiring level, the\me or more second portions having a 
second diffusion-barrier lining and defining a substantially horizontal 
second plane which is substantially parallel to the first plane, with the 
first and second planes defining a second open region. 
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